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(57) ABSTRACT

An operating area determination method and system are pro-
vided. In the operating area determination method, a plurality
of depth maps of a target scene is generated at several time
points. At least two specific depth maps among the depth
maps are selected and compared to identify a moving object
in the target scene, and a position of the moving object in the
target scene is defined as a reference point. A standard point in
the target scene is obtained according to the reference point
and a specific depth corresponding to the reference point. An
effective operating area in the target scene is determined
according to the reference point and the standard point for
controlling an electronic apparatus.

12 Claims, 4 Drawing Sheets
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1
OPERATING AREA DETERMINATION
METHOD AND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 101120162, filed on Jun. 5, 2012. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed to a method and a system
of identifying an operator and more particularly, to a method
and a system of identifying an operator in a target scene and
determining an effective operating area.

2. Description of Related Art

With the progress of the display technique, a display is no
longer limited to presenting 2-dimensional (2D) images only.
More and more display products supporting 3-dimensional
(3D) images have been launched to the market and provide
users with diversified video and audio experiences. In addi-
tion, a remote controller is no longer the only apparatus used
to control the display product. As long as a motion-sensing
system is equipped with the display product, a user’s gesture
or body movement can be used to control the display product
to react. Among products in support of the aforementioned
technique, a Smart TV is one of the most popular products and
gradually plays an important role in the market.

Taking the Smart TV equipped with a motion-sensing sys-
tem for example, during operation, the motion-sensing sys-
tem is required to search out a person as the operator from the
whole background according to face feature information
stored in a database first, and then, sense the motion of the
operator so as to control the Smart TV. However, when there
are more than two people in the background, a general type
motion-sensing system cannot effectively determine which
one the actual operator is.

Accordingly, in many types of Smart TV's launched to the
market, the operator is selected according to a distance of the
person. For example, the person has the closer distance to the
Smart TV is defined as the operator. However, the method of
defining the operator by distance easily results in inaccuracy.
For example, when a passer passes from the front ofthe actual
operator, the system operation is interfered and an undesired
operation result occurs since the passer is closer to the Smart
TV than the operator. As for the method of defining every
person as the operator, it will result in overly high system
requirements since the operation of follow-up tracking the
user’s motion is significantly complicated. Accordingly, how
to effectively determine the operator is the technique that the
persons in this industry devote to develop.

SUMMARY OF THE INVENTION

The present invention is directed to an operating area deter-
mination method and system capable of accurately identify-
ing a main operator in a target scene.

The present invention is directed to an operating area deter-
mination method including steps as follows. A plurality of
depth maps of a target scene is generated at several time
points. A difference between at least two specific depth maps
is compared to identify a moving object in the target scene. A
position of the moving object in the target scene is defined as
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a reference point. According to the reference point and a
specific depth corresponding to the reference point, a stan-
dard point in the target scene is obtained. An effective oper-
ating area in the target scene is determined according to the
reference point and the standard point for controlling an elec-
tronic apparatus.

In an embodiment of the present invention, the step of
generating the depth maps of the target scene at the several
time points includes capturing at least one image of the target
scene for each of the several time points through at least one
image capture device and analyzing a distance between at
least one object in the at least one image and an observing
position respectively to generate the depth map of the target
scene at the time point.

In an embodiment of the present invention, the step of
comparing the difference of the at least two specific depth
maps among the depth maps to identify the moving object in
the target scene includes performing a detection of a motion
feature on the at least two specific depth maps to identify the
moving object which moves and matches a predetermined
operation object type.

In an embodiment of the present invention, the operation
object type is a user’s hand, a remoter controller or a baton.

In an embodiment of the present invention, the step of
obtaining the standard point in the target scene according to
the reference point and the specific depth corresponding to
the reference point includes obtaining one of the specific
depth maps, searching outward for a standard object in the
obtained specific depth map using the reference point as a
center, wherein a difference between a depth corresponding
to the standard object and the specific depth is not exceeding
apreset value and defining a position of the standard object in
the target scene as the standard point.

In an embodiment of the present invention, the step of
searching outward for the standard object in the obtained
specific depth map using the reference point as the center
includes searching for the standard object toward a specific
direction using the reference point as the center.

In an embodiment of the present invention, the standard
object is a user’s face.

In an embodiment of the present invention, after the step of
determining the effective operating area according to the
reference point and the standard point, the method further
includes the step of corresponding the effective operating
area with a display screen of the electronic apparatus.

The present invention is directed to an operating area deter-
mination system including at least one image capture device,
a depth unit and a processing unit. The depth unit is coupled
to the at least one image capture device and configured to
generate a plurality of depth maps of a target scene according
to a capture result provided by the at least one image capture
device, wherein each of the depth maps corresponds to a time
point. The processing unit is coupled to the depth unit and
configured to compare a difference between at least two spe-
cific depth maps among the depth maps to identify a moving
object in the target scene, define a position of the moving
object in the target scene as a reference point, obtain a stan-
dard point in the target scene according to the reference point
and a specific depth corresponding to the reference point and
determine an effective operating area for controlling an elec-
tronic apparatus in the target scene according to the reference
point and the standard point.

In an embodiment of the present invention, wherein at each
time point, the depth unit obtains at least one image of the
target scene captured by the at least one image capture device
and analyzes a distance between at least one object in the
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image and an observing position respectively to generate the
depth map of the target scene at the time point.

In an embodiment of the present invention, the processing
unit performs a detection of a motion feature on the at least
two specific depth maps to identify the moving object which
moves and matches a predetermined operation object type.

In an embodiment of the present invention, the operation
object type is a user’s hand, a remoter controller or a baton.

In an embodiment of the present invention, the processing
unit obtains one of the specific depth maps, searches outward
for a standard object in the obtained specific depth map using
the reference point as a center, wherein a difference between
a depth corresponding to the standard object and the specific
depth is not exceeding a preset value and defines a position of
the standard object in the target scene as the standard point.

In an embodiment of the present invention, the processing
unit searches for the standard object toward a specific direc-
tion using the reference point as the center.

In an embodiment of the present invention, the standard
object is a user’s face.

In an embodiment of the present invention, the processing
unit corresponds the effective operating area with a display
screen of the electronic apparatus.

To sumup, by generating the depth maps ofthe target scene
at different time points, the moving object in the target scene
can be identified as the reference point from two specific
depth maps among the depth maps. The standard point is
obtained according to the reference point so that the effective
operating area in the target scene is defined according to the
reference point and the standard point. Thus, even though
there is a plurality of users existing in the target scene, the
operating area determination method and system can also
identify which user is performing the control operation so as
to determine the effective operating area. In follow-up, the
operating motion of the user is identified and traced only
based on the effective operating area, such that the operation
performance can be significantly increased.

In order to make the aforementioned and other features and
advantages of the invention more comprehensible, embodi-
ments accompanying figures are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the present invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the present invention and,
together with the description, serve to explain the principles
of the present invention.

FIG. 1 is a block diagram illustrating an operating area
determination system according to an embodiment of the
present invention.

FIG. 2 is a flowchart illustrating an operating area deter-
mination method according to an embodiment of the present
invention.

FIG. 3A is a schematic diagram illustrating a target scene
according to an embodiment of the present invention.

FIG. 3B a schematic diagram illustrating a specific depth
map according to an embodiment of the present invention.

FIG. 4 is a schematic diagram illustrating an effective
operating area and a display screen of an electronic apparatus
corresponding to each other according to an embodiment of
the present invention.

DESCRIPTION OF EMBODIMENTS

With the increasing function types supported by an elec-
tronic apparatus, the efficiency of accurately identifying con-
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trol behaviors of a user would be improved if a user mainly
performing a control operation in a target scene can be iden-
tified to define an operating area so that the operating area can
correspond to a display screen of an electronic apparatus. An
operating area determination method and system is provided
by the present invention in view of the foregoing. In order to
make the present invention comprehensible, embodiments of
implementing the present invention will be exemplary
described hereinafter.

FIG. 1 is a block diagram illustrating an operating area
determination system according to an embodiment of the
present invention. Referring to FIG. 1, an operating area
determination system 100 includes n image capture devices
(i.e. image capture devices 110_1 through 110_ », where n is
apositive integer), a depth unit 120 and a processing unit 130.
The depth unit 120 is coupled to the image capture devices
110_1 through 110_ » and the processing unit 130, respec-
tively. A function of each component in the operating area
determination system 100 will be described hereinafter.

The image capture devices 110_1 through 110_ » are con-
figured to capture a target scene to obtain images of the target
scene. The image capture is, for example, performed periodi-
cally or according to a control of the operating area determi-
nation system 100. Each image capture device may be a video
camera or a camera adopting a charge coupled device (CCD)
lens, a complementary metal oxide semiconductor transistors
(CMOS) lens or an infrared lens, but the present invention is
not limited thereto. It should be mentioned that the present
invention is not intent to limit the value of n. When n is more
than 1 (e.g. n is 2), the image capture devices 110_1 through
110_ » may form a camera array. Namely, the image capture
devices 110_1 through 110__# is arranged in parallel without
any vertical displacement, and a distance between the devices
accords with a distance between human eyes. When n is equal
to 1, the image capture device 110_1 is, for example, a depth
video camera. The image capture devices 110_1 through
110__» may transmits a captured image to the depth unit 120
for a sequential image process by a wired or a wireless
method. For descriptive convenience, the image capture
devices 110_1 through 110_ 7 are collectively referred to as
an image capture apparatus 110.

The depth unit 120 is configured to generate a plurality of
depth maps of the target scene according to a capture result
provided by the image capture apparatus 110. Each of the
depth maps corresponds to a time point. In detail, the depth
maps represent different depths by different gray-scale val-
ues. For example, for a first object located closer to the image
capture apparatus 110, the depth unit 120 determines that the
first object has a lower depth value, while for a second object
located farther from the image capture apparatus 110, the
depth unit 120 determines that the second object has a higher
depth value. In the present embodiment, the object having the
lower depth value is represented in the depth maps by the
higher gray-scale value while the object having the higher
depth value is represented in the depth maps by the lower
gray-scale value. That is, the farther from the image capture
apparatus 110 the object is, the closerto black color it is in the
depth maps, while the closer to the image capture apparatus
110 the object is, the closer to white color the object is in the
depth maps. However, the present invention is not intent to
limit the corresponding relationship between the depth value
and the gray-scale value. In other embodiments, the object
with the higher depth value may also be represented by the
higher gray-scale value in the depth map, and the object with
the lower depth value may also be represented by the lower
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gray-scale value in the depth map, or otherwise, the object is
presented in different colors according to the depth value
gradient.

The processing unit 130 may be hardware having a pro-
cessing capability (e.g. a chip set or a processor), a software
component (e.g. an operation system or an application) or a
combination thereof. The processing unit 130 is configured to
determine an effective operating area in the target scene
according to the depth maps generated by the depth unit 120.
Furthermore, the operating area determination system 100 of
the present embodiment can be collectively operated with an
electronic apparatus (e.g. a Smart TV, but the present inven-
tion is not limited thereto), which is, for example, integrated
into the electronic apparatus, externally connected with the
electronic apparatus via a special interface and a transmission
wire, or communicated with the electronic apparatus by a
wireless communication method. When there is a plurality of
users in the target scene, only the motion made by the user
located within the effective operating area will be considered
as an instruction to operate the electronic apparatus.

Hereinafter, each step of an operating area determination
method of the present embodiment will be described with
reference to the operating area determination system 100.
FIG. 2 is a flowchart illustrating an operating area determi-
nation method according to an embodiment of the present
invention. FIG. 3A is a schematic diagram illustrating a target
scene according to an embodiment of the present invention. It
should be mentioned that though in the present embodiment,
only two users 310 and 320 are in a target scene 300, but the
present invention is not intent to limit a number and a type of
the objects in the target scene 300. Besides, in the present
embodiment, it is assumed that the user 320 waves his/her
right hand 32 back and forth in the target scene 300.

Referring to FIG. 1 with FIG. 2 and FIG. 3 A, first, as shown
in step S201, the depth unit 120 generates a plurality of depth
maps of the target scene 300 at several time points. In par-
ticular, to generate a depth map of the target scene 300 at a
time point T, the depth unit 120 first obtains one or more
images of the target scene 300 captured by the image capture
apparatus 110 at the time point T and analyzes a distance
between each object in the image and the image capture
apparatus 110 so as to generate the depth maps.

For example, in a scenario where the image capture appa-
ratus 110 includes only one image capture device 110_1 (e.g.
adepth video camera), when the image capture image capture
device 110_1 captures the target scene 300 at the time point T,
depth message (i.e. a distance respectively between each of
the users 310 and 320 and the image capture device 110_1) of
the users 310 and 320 is obtained by applying the infrared
reflection principle so that the depth unit 120 further gener-
ates the depth maps of the target scene 300 at the time point T.
Besides, in a scenario where the image capture apparatus 110
includes multiple image capture devices (e.g. the image cap-
ture devices 110_1 and 110_2), the depth unit 120 also
obtains images 1_1 and 1_2 by respectively capturing the
target scene 300 using the image capture devices 110_1 and
110_2 at the time point T, analyzes a distance between each of
the users 310 and 320 and an observing position (e.g. the
position of each of the image capture devices 110_1, 110_2)
according to the images I_1 and I_2 and generates the depth
maps of the target scene 300 at the time point T.

FIG. 3B a schematic diagram illustrating a specific depth
map according to an embodiment of the present invention.
Referring to FIG. 3B, in a depth map 302, since the user 310
is marked by a higher gray-scale value (closer to white color)
while the user 320 is marked by a lower gray-scale value
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(closer to black color), it is determined according to the depth
map 302 that the user 310 is closer to the image capture
apparatus 110.

Next, as shown in step S203, the processing unit 130
obtains at least two specific depth maps from the multiple
depth maps generated by the depth unit 120, compares a
difference between the obtained specific depth maps to iden-
tify a moving object in the target scene 300 and defines a
position of the moving object in the target scene 300 as a
reference point. The time point corresponding to each of the
specific depth maps may be adjacent to each other or away
from each other by a predefined time period. Meanwhile, in
the present embodiment, the moving object identified by the
processing unit 130 has to match a predetermined operation
object type, such as the user’s hand, a remote controller or a
baton.

In particular, if the number of the specific depth maps is 2,
the processing unit 130 performs a detection of a motion
feature on the two specific depth maps to identify the moving
object which moves and matches the predetermined opera-
tion object type. Therein, the motion feature is associated
with the predetermined operation object type. If the predeter-
mined operation object type is the user’s hand, then the
motion feature may be a waving degree or a shape change of
a hand gesture. For example, the processing unit 130 may
compare the two specific depth maps in positions having the
same or similar gray-scale value and an area in the similar
shape. Ifthe motion of the area between the two specific depth
maps changes over a threshold, it indicates that the area
includes an object that is moving. The processing unit 130
may test an original 2-dimensional (2D) image constructing
the specific depth maps to determine whether the type of the
object matches the predetermined operation object type. For
example, if the user 320 waves his or her right hand left and
right while the user 310 also shakes his or her head left and
right, the processing unit 130 finds two moving objects.
Accordingly, as long as the original 2D image is further
obtained, and a procedure identifying the face feature or the
hand feature is further performed thereon, the moving object
matching the predetermined operation object type can be
accurately found. In another embodiment, the depth unit 120
may first confirm the operation object type of each area when
generating the depth maps, and then, when the processing
unit 130 searches for the moving object, areas that does not
match the predetermined operation object type may be
directly precluded.

It should be noted that if two or more moving objects
matching the predetermined object type is identified by the
processing unit 130, the processing unit 130, for example,
selects the moving object located closer to the image capture
apparatus 110 to define the reference point and go on the
follow-up steps.

Afterward, as shown in step S205, the processing unit 130
obtains a standard point in the target scene 300 according to
the reference point and the specific depth corresponding to
the reference point. For example, the processing unit 130 uses
one of the specific depth maps obtained in step S203, e.g. the
latest specific depth map, to obtain a position of the standard
point. If the depth map 302 depicted in FIG. 3B is the latest
specific depth map obtained by the processing unit 130, and
by a method such as the motion feature detection, the pro-
cessing unit 130 identifies that the moving object in the target
scene 300 is the right hand 32 of the user 320 and uses the
center of the right hand as a reference point R. Then, the
processing unit 130 uses the reference point R as a center to
search outward for a standard object. In the present embodi-
ment, it is assumed that the standard object is the user’s face
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34, but the present invention is not limited thereto. However,
it is to mention that the difference between the depth corre-
sponding to the standard object and the specific depth corre-
sponding to the right hand 32 is not exceeding a preset value.
For example, if the preset value is 3 (but the present invention
is not limited thereto), and a gray-scale value 30 represents
the specific depth corresponding to the right hand 32, the
depth corresponding to the standard object has to be within a
rang from the gray-scale value of 27 to the gray-scale value of
33. When using the reference point R as the center, searching
outward and finding an object having the depth matching the
range (i.e. the user’s face 34), the processing unit 130 uses the
object as the standard object and defines the position of the
standard object in the target scene as a standard point. For
example, the processing unit 130 uses the center of the face 34
as a standard point S.

Since most users are used to operate by right hands, in order
to improve the efficiency for finding the standard object, the
processing unit 130 uses the reference point R as the center to
search rightward for the face 34 of the user 320 in the specific
depth map 302. In other embodiments, the processing unit
130 may also search for the standard object toward any other
predefined specific direction according to the corresponding
relationship of positions between the standard object and the
moving object in the real environment.

Finally, as showninstep S207, the processing unit 130 uses
the reference point R and the standard point S to determine an
effective operating area 350 for controlling the electronic
apparatus in the target scene 300. In an embodiment, an
aspect ratio of the effective operating area 350 matches an
aspect ratio of a screen of the electronic apparatus, and the
effective operating area 350 covers the moving object and the
standard object (i.e. the user’s right hand 32 and face 34).

After the effective operating area 350 is determined, the
effective operating area 350 and the display screen of the
electronic apparatus correspond to each other by the process-
ing unit 130, that is, each location of the effective operating
area 350 corresponds to a respective location of the display
screen. FIG. 4 is a schematic diagram illustrating an effective
operating area and a display screen of an electronic apparatus
corresponding to each other according to an embodiment of
the present invention. Referring to FIG. 4, after the process
illustrated in FIG. 2, when the depth unit 120 again generates
a depth map 410 of the target scene 300 according to the
capture result provided by the image capture apparatus 110,
the processing unit 130 may directly determine the effective
operating area 350 in the depth map 410 according to the
information previously obtained when searching for the
effective operating area, and only the action within the effec-
tive operating area 350 is to be considered as an operation on
the electronic apparatus. Furthermore, the processing unit
130 makes the effective operating area 350 and a display
screen 420 of the electronic apparatus corresponding to each
other. Thus, when the user 320 moves his or her right hand 32
to the upper left corner of the effective operating area 350, a
pointer 430 on the display screen 420 also moves correspond-
ingly to the upper left corner of the display screen 420 so that
the user 320 can perform various operations on the electronic
apparatus, such as selecting an item in a menu.

Based on the above, in the operating area determination
system and method of the present invention, after the depth
maps of the target scene are generated, the reference point and
the standard point are found according to the motion feature.
Further, the effective operating area is determined according
to the reference point and the standard point. Thus, even
though there are several users appearing in the target scene,
the operator who actually performs the operation may be
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effectively identified from all the users by the present inven-
tion, and the effective operating area is locked at the position
where the operator is located. Afterward, only the effective
operating area is required for analyzing and tracking the
operator’s action so that the system computing complexity is
reduced, and the operation efficiency is improved.

Although the invention has been described with reference
to the above embodiments, it will be apparent to one of the
ordinary skill in the art that modifications to the described
embodiment may be made without departing from the spirit
of'the invention. Accordingly, the scope of the invention will
be defined by the attached claims not by the above detailed
descriptions.

What is claimed is:
1. An operating area determination method, comprising:
capturing at least one image of a target scene at a plurality
of time points by at least one image capture device;

generating a depth map of the target scene corresponding to
each of the time points according to the at least one
image;

comparing a difference between at least two specific depth

maps among the depth maps to identify a moving object
in the at least one image and defining a position of the
moving object in the at least one image as a reference
point;

obtaining one of the at least two specific depth maps;

searching outward for a user’s face in the obtained specific

depth map using the reference point as a center, wherein
adifference between a depth corresponding to the user’s
face and the specific depth corresponding to the refer-
ence point has not exceeded a preset value;

defining a position of the user’s face in the at least one

image as a standard point; and

determining an effective operating area for controlling an

electronic apparatus in the target scene according to the
reference point and the standard point defined in the at
least one image.

2. The operating area determination method according to
claim 1, wherein the step of generating the depth map of the
target scene corresponding to each of the time points accord-
ing to the at least one image comprises:

analyzing a distance between at least one object in the at

least one image and an observing position respectively
to generate the depth map of the target scene at each of
the time points.

3. The operating area determination method according to
claim 1, wherein the step of comparing the difference
between the at least two specific depth maps among the depth
maps to identify the moving object in the at least one image
comprises:

performing a detection of a motion feature on the at least

two specific depth maps to identify the moving object
which moves and matches a predetermined operation
object type.

4. The operating area determination method according to
claim 3, wherein the operation object type comprises a user’s
hand, a remote controller and a baton.

5. The operating area determination method according to
claim 1,

wherein the step of searching outward for the user’s face in

the obtained specific depth map using the reference
point as the center comprises:

searching for the user’s face toward a specific direction

using the reference point as the center.

6. The operating area determination method according to
claim 1, wherein after the effective operating area is deter-
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mined according to the reference point and the standard point
defined in the at least one image, the method further com-
prises:

corresponding the effective operating area with a display
screen of the electronic apparatus.

7. An operating area determination system, comprising:

at least one image capture device, capturing at least one
image of a target scene at a plurality of time points;

a processor, coupled to the at least one image capture
device, generating a depth map of the target scene cor-
responding to each of the time points according to the at
least one image provided by the at least one image cap-
ture device,

comparing a difference between at least two specific depth
maps among the depth maps to identify a moving object
in the at least one image, defining a position of the
moving object in the at least one image as a reference
point, obtaining one of the at least two specific depth
maps, searching outward for a user’s face in the obtained
specific depth map using the reference point as a center,
defining a position of the user’s face in the at least one
image as a standard point, and determining an effective
operating area for controlling an electronic apparatus in
the target scene according to the reference point and the
standard point defined in the at least one image, wherein

10

15

20

10

a difference between a depth corresponding to the stan-
dard point and the specific depth corresponding to the
reference point has not exceeded a preset value.

8. The operating area determination system according to
claim 7, wherein at each time point, the processor analyzes a
distance between at least one object in the at least one image
and an observing position respectively to generate the depth
map of the target scene at the time point.

9. The operating area determination system according to
claim 7, wherein the processor performs a detection of a
motion feature on the at least two specific depth maps to
identify the moving object which moves and matches a pre-
determined operation object type.

10. The operating area determination system according to
claim 9, wherein the operation object type comprises a user’s
hand, a remote controller and a baton.

11. The operating area determination system according to
claim 7, wherein the processor searches for the user’s face
toward a specific direction using the reference point as the
center.

12. The operating area determination system according to
claim 7, wherein the processor corresponds the effective
operating area with a display screen of the electronic appara-
tus.



